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PLASTICALLY DEFORMING AW G3A0IALLY AN EJ£PANDA!3LE 

TUBULAR MEMBER 
This invention relates generally to plastically deforming and radially expanding 
an expandable tubular member. 
5 lacttgiround of to I raws vsttm 

Conventionally, when a wellbore is created, a number of casings are installed In 
the borehole to prevent collapse of the borehole wall and to prevent urtdesired outflow 
of drilling fluid Into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled In intervals whereby a casing which is to be installed in a lower 
10 borehole interval is lowered through a previously installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the tower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing in a wellbore. 
25 Sumranroairj; ®ff te flowoniorc 

According to the present invention there Is provided a method of plastically 
deforming and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjustable expansion device movaWy 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
30 support member for adjusting the adjustable expansion device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
inserting the apparatus into the first end of the expandable tubular member in a 
first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
35 first direction; 

applying a resilient biasing force to the adjust able Qxpanstan device in tha 
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second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expandable tubular member; 

reinserting the actuator of the apparatus into the second end of the expandable 
5 tubular member in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
10 moving the adjustable expansion device through the expandable tubular member in the 
second direction. 

Preferably, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
15 Preferably, displacing the actuator and the adjustable expansion device relative 

to the expandable tubular member in the first direction comprises: 

impacting the actuator with the second end of the expandable tubular member* 
Preferably, moving the adjustable expansion device through the expandable 
tubular member comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

flufdicty sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member; 

wherein moving the adjustable expansion device through the expandable tubular 
25 member comprises: 

injecting a pressurized fluid into the tubular support member. 
According to another aspect of the present invention there is provided an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member; 

an adjustable expansion device movably coupled to the tubular support member; 
actuating means for actuating the adjustable expansion device; 
means for displacing the actuating means of the apparatus in a fitrst direction; 
means (Tor applying a resilient biasing force to the adjustable expansion device 
35 when the actuating means is displaced In the first direction; 



means for increasing the outside diameter of the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first direction comprises: 

means for impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion device relative to the expandable tubular member in the second direction 
comprises: 

means for impacting the actuating means. 

Brief Description of the Drawings 
Figs. 1 and 1a-1d are fragmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean formation. 

Fig. 1e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and 1a-1d. 

Fig. 1f Is a cross-sectional view of the expansion cone support body of Fig. 1e. 



Fig. 1 g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. II is a top view cf the expansion cone segment! of Fig. 1g. 
5 Fig. 1 j is a top view of an embodiment of interlocking expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1 fc is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and 1a-1d. 
1 0 Figs . 1 1 and 1 m are top schematic views of an embodiment of the coupling 

between the J-slots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d 

Figs. 2 and 2a-2d are fragmentary ores-sectional lustrations of the apparatus 
of Rgs. 1 and 1a-1d during the radial expansion of the tubular member within the 
1 5 borehole with in the subterranean formation. 

Rgs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radfally expanding a tubular member 
within a wellborn casing within a subterranean formation. 
25 Fig. 3d is a cross-sectional view of an embodiment of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3c. 

Fig. 3e is a cross-sectional view of the expansion cone support body of Fig. 3d. 
Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c 
30 Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Fcg. 3h is a top view of the expansion cone segment of Fig. 3f. 
Ffg. 31 is a top view of an embodiment of interlocking expansion cone segments 
for use in the apparatus of Rgs. 3 and 3a-3c. 

Fig. 3j is a top fragmentary tirounnfferential view of ©n embodiment of the 
35 coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Figs. 4 and 4a-4d are fragmentary cross-sectional Illustrations of an 
embodiment of the placement of the apparatus of Figs. 3 and 3e-3c Including an 
expandable tubular member within an expandable tubular member within a 
subterranean formation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the bonsncte within the 
subterranean formation. 

Figs. 6 and 6a-6d are fragmented cross-ssciionai illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Fig. 6e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 5 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Ftg. 6e. 
Fig. 6g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 6 and 8a-fld. 

Fig. 6h is a front view of the expansion cone segment of Fig. Qg. 
Fig. 61 is a top view of the expansion cone segment of Fig. 6g. 
Fig. 6j is a fop view of an embodiment of interlocking expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustrations off an 
25 embodiment of the placement of the apparatus of Figs. 6 and 6e-6d including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 8 and 8a-6d are fragmentary cross-sectional Illustrations of an 
embodiment of She operation of the apparatus of Figs. 7 and 7a-7d during the radial 
expansion of the expandable tubular member wKhin a borehole within a subterranean 
30 formation. 

Fig. 9 Is a fragmentary cross sectional Illustration of an embodiment of an 
expansion cons assembly In an unexpended position. 

Rg. 9a Is a cross sectaal illustration of the expansion cone assembly of Fig. 9. 
Fig. 10 is a fragmentary cross sectional Illustration of the expansion cone 
35 assembly off Fig. 9 in an expanded position. 



Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Fig. 1 1 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 
5 Fig. 1 1 a is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Fig. 

10 12. 

Fig. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

15 Fig. 13b is a fragmentary top circumferential illustration of the expansion cone 

segment assembly of Fig. 1 3 that illustrates the interleaved sets of collets. 

Fig. 13c Is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 13 in an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a- 15c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Fig. 1 5d Is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-15c 

Fig. 15e is a cross-sectional view of the expansion cone support body of Fig. 

15d. 

Fig. 15f is a side view of an embodiment of an expansion cone segment tor use 
in the apparatus of Figs. 15 and 15a-1 5c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 
Fig. 15h is a top view of the expansion cone segment of Fig. 15f. 
Fig. 151 is a top view of en embodiment of Interlocking expansion cone 
segments for use in the apparatus of Figs. 15 and 15a- 15c. 



Fig. 1 5J Is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the spirt ring collar 
for use in the apparatus of Figs. 15 and 1 5a-15c 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of the apparatus of Figs. 15 and 15a-15j Including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 17 and 17a-17c are fragmentary cross-eecSional illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and 16a-16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
formation. 

Fig. 18a is a cross sectional illustration of an embodiments a segmented 
expansion cone assembly in an unexpanded position. 

Fig. 1 8b is a fragmentary dreumferantial top illustration of the expansion cone 
and split ring collar of Fig. 18a. 

Fig. 18c is a fragmentary cross-sectional illustration of the expansion cone 
support flange of the expansion cone assembly of Fig. 18a. 

Fig. 18d Is a cross-sectional Illustration of the expansion cone support flange of 
Fig. 18c. 

Fig. 19a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 1&b is a fragmentary drcumferenflal top vfew of the expansion cone of Fig 

10a. 

Figs. 20a-20m are top droumferentlal views of various alternative embodiments 
of interlocking expansion cone segment geometries. 

B®6aM Deserfptoro @?tfo® DODusSraflflv® Erafe®dllraj®nte 
Referring initially to Figs. 1 and 1a-1d, an embodiment off an apparatus and 
method for radially expanding a tubular member will now be described. As illustrated in 
Figs. 1 and 1a-1d. a weUbora 100 is positioned in a subterranean formation 105. In an 
exemplary embodiment, the wellbore 100 may Include a pre-exSsting cased section 
1 10. The weBbore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the wsflbore 100 into the subterranean formation 105, a drill 
string is used In a well known manner to drill out material from the subterranean 
formation 105 to form a new weUbore section 1 15. In a preferred embodiment, the 
Inside diameter of the new weHbore section 1 15 is greater than or equal to the'lnskte 
diameter off the preexisting wellbore casing 110. 



% 

A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 1 15 with ttie upper end 120b of the tubular member coupled to the 
wellbore casing 110 and the lower end 120c of the tubular mam bar extending into the 
wellbore section. TTia tubular member 120 may be positioned within the wellbore 
5 section 1 15 and coupled to the wellbore casing 1 10 in a conventional manner. In a 
preferred embodiment, the tubular member 120 is positioned within the weilbcra 
section 1 1 5 and coupled to the wellbore casing 1 1 0 using one or more off the methods 
and apparatus disclosed in one or mora of the following: (1 ) U.S. patent application 
serial no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. 

10 patent application serial no. 09/51 0.91 3. attorney docket no. 25791 .7.02. filed on 
2/23/2000. (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial) no. 09/440.338, 
attorney docket no. 25791.9.02, filed on 1 1/15/1989, (5) U.S. patent application serial 
no. 09/523,480, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

15 application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/51 1 ,941 , attorney docket no. 25791 . 1 8.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,948, attorney docket no. 
25791 .17.02, filed m 8/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/28/2000, (10) PCT patent application serial 

20 no. PCT/US00/18835, attorney docket no. 25791 .25.02, filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 80/154.047, attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 80/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provisional patent application serial no. 60/1 59,039, attorney docket no. 25791.38, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359, attorney docftet no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1 999. (D8) U.S. provisional patent application serial no. 80/221 ,443, attorney 
docCtet no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221,845, attorney docket no. 25791.48. filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 

35 docket no. 25791 .48, fiCsd on 1 0/2/2000, (22) U.S. provisional patent application serial 
no. 80/270.007. attorney docket no. 25791.50, filed on 2/20/2001: and (23) U.S. 
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provisional patent application serial no. 60/232,434. attorney docket no. 25791.51, filed 
on 1/17/2001 ; and (24) U.S. provisional patent application sertal no. 607259,486. ' 
attorney docket no. 25791.52, filed on 1/3/2001 , the disclosures of which are 
incorporated herein by reference. 

As illustrated in Figs. 1 and la-Id. an apparatus 200 for radially expanding a 
tubular member may then bs positensd in the new section 115 of theater® 100 
within the tubular member 120. The apparatus 200 Indudes a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an internal passage 210a. The other end of the tubular coupling 210 is 
coupled to an end of a tubular support member 215 defining an internal passage 215a 
that includes a first lug 215b. a radial passage 215e. a first flange 215d. a second 
flange 215e, a second lug 215f. and an expansion con® support body 215g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated in Figs. 1e and 1f, the expansion con© support body 215g 
includes a first end 215ga, a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped slots 21 Sgba provided on each of the externa! faceted surfaces of the 
tapered hexagonal portion, and a second end 215gc. In an exemplary embedment, 
me angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
20 degrees for reasons to be described. 

As illustrated in Figs. 1, 1a-1d. 1g. ih. and 11, a plurality of expansion cone 
segments 225 are provided that Include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining members 
225ba that mate with and are received within corresponding T-shaped slots 215gba on 
the tapered hexagonal portton 215gb of the expansion cone support body 215g first 
external surfaces 225bb. second external surfeces 225bc, and third external surfaces 
225bd. Thus, in an exemplary embodiment, a total <tf six expansten cone segments 
225 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaces 225bb of 
the expansion cone segments 225 Increase in the direction of the second external 
surfaces 225bc. the widths of the second external surfaces are substantially constant 
and the widths of the third external surfaces 225bd decrease in the direction of the first 
ends 225a of the expansion oone segments for reasons to be described, in an 
exemplary embodiment, the first external surfaces 225fi>b off the expansion cone 
segments 225 taper upwardly In the direction off the s econd arte™. ...^ 
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the second external surfaces taper upwardly in the direction of (the third externa! 
surfaces 225bd, and the third external surfaces 225bd taper downwardly fn the 
direction of the first ends 225a of the expansion cona segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion cone segments 225 are greater than the 
angle of attack of the taper of the second external surfaces 225bc. In an exemplary 
embodiment, the first and second external surfaces, 225bb and 225bc, of the 
expansion cone segments 225 ana arcuate such that when the expansion cone 
segments 225 are displaced In the direction of the end stop 220, the first and second 

10 external surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to be described. 

As illustrated in Rg. 1 j f in an exemplary embodiment, the external surfaces, 
225bb, 225bc and 225bd, of the second ends 225b cf the expansion cone segments 
225 are adapted to mate with one another in order to interlock adjacent expansion 

15 cone segments. 

As illustrated in Pegs. 1, 1a-1d, and 1k, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 lis provided that includes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
corresponding T-shaped retaining members 225aa of $ne expansion cone segments 

20 225 and a second end that Excludes an L-shaped retaining member 230c. In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
commercially available from Halliburton Energy Services modified in accordance with 
the teachings of the present disclosure. 

As illustrated in Ffgs. 1 , 1®-Id, and Urn, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provided that indludes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or more conventional 
drag block elements 235c, and a J-shaped slot 235d including a retaining sbt 235da 
for ireceMng the second lug 2l5f of the tubular support member 21 5. In an exemplary 

30 embodiment, the longitudinal axis of the J-shaped slot 235d of the drag btocfe assembly 
235 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventional packer cup assembly 240 tat defines a passage 240a for 
" receiving) the (tubular support member 21 5 includes a first end 240b that mates with the 

35 second flange 21 5® of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 



receiving She tubular support member 215 Includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250e, and a second 
©nd 250d that mates with the first flange 21 5d of th® tubular support member. 

As illustrated in Figs. 1, 1a-1d, and 11, a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that includes a 
first end that includes sealing members. 255b and 255c, one or mora conventional drag 
10 block elements 255d, and a J-shaped slot 255e including a retaining slot 255®a for 
receiving the first lug 215b of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255® of the drag block assembly 
255 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 
15 In an exemplary embodiment, during operation of the apparatus 200. as 

illustrated in Figs. 1 and 1a~1m, the apparatus may be positioned in the wellbore 115, 
within the tubular member 120, with the first and second lugs, 215b and 215f, 
respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the 
J-slots, 255e and 235da, respectively, of the drag block assembly 255 and 235, 
20 respectively. In this manner, the drag block assembly 235 is maintained in a 

substantially stationary position relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
longitudinal direction relative to th® tubular support member 215 towards the end stop 
220. Furthermore, in this manner, the drag block assembly 255 is also maintained in a 
25 substantially stationary position relative to th® tubular support member 215 thereby 
preventing the dreg block assembly from sealing off the radial passage 215c. Dn an 
exemplary embodiment, during the placement of the apparatus 2C0 within the wellbore 
1 15 and the tubular member 120, the radial passage 215c permits fluidlc materials 
outside of the tubular support member 215 to pass into th® passage 215a thereby 
30 minimizing overpressure conditions within the annulus outside of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 is positioned within th® 
expandable tubular member 120 such that th® expansion cone body 215g, the end 
stop 220, and She expansion cone segments 225 extend out of th© expandable tubular 
$5 member. On this manner, th® expansion cone segments 225 may b® driven up the 
tapered hexagonal portion 215gb o?the expansion « ™ n hf*«»o4««, ow^., » 



the outside diameters of the expansion cons segments, without Impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255, thereby displacing the lugs, 215f and 215b, with respect to 

5 the J-shaped slots, 235d and 255s, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies, 235 and 255, in 
the longitudinal direction thereby displacing the drag block assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag btock assemblies, 235 and 255, 

1 0 the drag block assemblies, 235 and 255, are maintained In a substantially stationary 
position with rasped to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward tar^Budimal displacement of the 
tubular support member 215 relative to the drag block assemblies, the lugs, 21 5f and 

15 21 5b, are guided in a substantially longitudinal direction by the J-slots, 235d and 255e, 
respectively, of the drag block assemblies. 

The downward longitudinal displacement of th© drag btock assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expansion ©one segments 225. As a result, the expansion 

20 cone segments 225 are driven up the ftapered hexagonal portion 21 5gb of the 

expanston cone support body 21 5g until the end faces of the expansion cone segments 
impact the stop mem&®r 220. As a result, the outside diameter of the expansion cone 
segments 225 increases. In an exemplary embodiment, once the expanston cone 
segments 225 impad the stop member 220, the outer surfaces,, 225bb and 225bc of 

25 the expansion com segments provide a substantially continuous outer surface in the 
circumferential dtrecBon having a diameter that is greater than the inside diameter of 
the expandable tubular membeir 1 20. The downward longitudinal displacement of the 
drag btock assembly 255 relative to the tubular support member 21 5 seals of? the radial 
passage 215c thereby preventing the pressurized diddle material 275 from entering the 

30 annulus surrounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated in Rgs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a fltoldlc material 275 into the apparatus through the passages 205a, 210a, 
and 215a. Tha Injection of the flucdic material 275 may pressurize the interior 120a of 

35 the expandable tubutar member 1 20. In addWfon, beeaose the packer oup assemblies, 
240 and 250. seal off an annular region 120aa belo w the packer cup assemblies 
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between the expandable tubular member 120 and the tubular support member 215, the 
injection of the ftuldic material 275 may also pressurize the annular region. 

The continued injection of the flufdlc materisf 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer surfeoss, 225bb and 2256a:, of the expansion cone segments 
225 are tapered, the plastic dsformatlon and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that Is bounded on the upper end by the packer cup assembly 
240 and on the lew end by the expansion cone segments 225. Furthermore. In an 
exemplaiy embodiment, the pressurizatfon of the annular region 120aa also radially 
15 expands the surrounding portion of the expandable tubular membef 120. In this 
manner, the plastic deformation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthermore, during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
20 the pressurized annular region 120aa. In an exemplary embodiment, the 

pressurteation of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack c?the tapered external surfaces, 
225bb and 225bc of the expansion cone segments 225. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically deformed along with the overtopping portion of the wallbore casing 1 1 0. 
Because the expansion con® segments 225 may be adjustable positioned from an 
outside diameter lees than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the preexisting 
casing 1 10, the resulting weJta casing, including the casing 110 and the radially 
expanded tubular member 120. created by the operation off the apparatus 200 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
weHbore casing. 

If the expansion con® segments 225 become lodged within the tubular member 
120 during the radial expansion process, the tubular support mamhar sis m, k> 



displaced downwardly in the longitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255, thereby positioning the lugs, 215b and 21 5f, within the 
retaining slots, 255ea and 235da, respectively, of the J-slots, 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
come segments. In this manner, the tubular support member 205, the tubular support 
member 210, the tubular support member 215, the end stop 220, the expansion com 
segments 225, the split ring collar 230, the drag block assembly 235, the pack cup 

1 0 assembly 240, the spacer 245, the packer cup assembly 250, and the drag block 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial fore® to the tubular support member 21 5. In a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rat® as the tubular member 120 is expanded in orter to keep 
the (tubular member stationary relative to the new wellbore section 115. In an 
alternative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded ami plastically deformed off of the expansion 
cone segments 225 and into the mew wellbore section 1 15 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the (ewer portion of the \ml\bom casing 1 10 that overlap with 

25 ens another are plastically deformed and radially expanded by the expansion cone 
segments 225, the expansion cone segments 225 ar® displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 

30 materia] 275 is controllably ramped down when the expansion cone segments 225 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete inadtal expansion and plastic 
deformation of the expandable tubular member 120 off of the expansion cone 
segments 225 can be minimized. In a preferred embodiment, the operating pressure is 

35 reduced in a substantially linear fashion from 100% to about 10% during the end of the 
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extrusion process beginning when the expansion cone segments 225 are within about 
5 feet (1.524 m) from completion of the extrusion process. 

Alternatively, or In combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub. or jars adapted for use In wallbore 
operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion con® segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 sufficient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc. of the expansion cone segments 225. 

Alternatively, or in combination, in order to facilitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fluldic materials 
275, the region within the weltbore section 115 below the apparatus 200 may be 
fluidlcly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
205, the tubular support member 210, the tubular support member 215, the end stop 
220. the expansion cone segments 225. the split ring collar 230, the drag block 
assembly 235. the pack cup assembly 240, the spacer 245, the packer cup assembly 
250. and the drag block assembly 255 are removed from the weUbore 100. 

In an alternative embodiment, as illustrated in Figs. 2h and 21, the J-sfots. 235d 
and 255e. include one or mere intermediate retaining slots. 235db and 255eb. 
respectively, that permit the relative longitudinal displacement of the tubular support 
member 21 5 relative to the dreg block assemblies. 235 and 255. to be set at one or 
more intermediate stop positions. In this manner, the expansion segments 225 may be 
positioned at one or more intermediate positions on the tapered hexagonal portion 
215gb of the expansion cone support body 215g thereby perming the externa! 
diameter of the expansion cone segments 225 to be adjusted to one nr 



Intermediate sizes. In this manner, the radial expansion end piastre deformation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be continued by injecting thefluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3j, an alternative embodiment of an apparatus 300 
for forming a wellbore rasing In a subterranean formation will now be described. The 

1 0 apparatus 300 includes a tubular support member 305 defining an internal passage 
305a that Is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 310 Us coupled to an end of a tubular 
support member 315 defining an internal passage 315a that Includes a first flange 315b 
having oppositely taperad end-walls, 31 5ba and 31 5bb, a second flange 31 5c, a radial 

15 passage 315d, a third flange 319s, a fourth flange 315f f a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb, a fifth flange 31 5h, and an expansion 
cone support body 315i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion cam support body 3151 includes 

20 a first end 3 1 55a, a tapered hexagonal portion 31 Sib that includes a plurality of T- 
shaped slots 315iba provided on each of the externa] {faceted surfaces of the tapered 
hexagonal portion, and a second end 3151c In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated In Figs. 3, 3a-3c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 325® that indude T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that mate with and are received within corresponding T-shaped slots 315iba on 
the tapered hexagonal portion 315ib of the ©xpansfon arte support body 3151, first 

30 external surfaces 325bb, second external surfaces 325bc, and third external surfaces 
325lbd. Tlhus, in an exemplary embodiment, a total of six expansion con© segments 
325 are provided that arte slldably compiled to corresponding sides of the tapered 
hexagonal portion 31 Sib of the expansion cone support body 3151. 

In an exemplary embodiment, the widths of the fJrsft external surfaces 325bb of 

35 the expansion cone segments 325 increase in the direction of the second ©xterroal 
surfaces 325bc, the widths of the second external su rfaoes are substantially constant 
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and the widths of the third external surfaces 325bd decrease in the direction of the first 
ends 325a of the expansion cons segments for reasons to be described. In an 
exemplary embodiment, the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly In the direction of the second external surfaces 325bc. 
the second external surfaces taper upwardly in the direction of the third external 
surfaces 325bd, and the third external surfaces 325bd taper downwartily in the 
direction of the first ends 325a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segments 325 are greater than the 
angle of attack of the taper of the second external surfaces 325bc in an exemplary 
embodiment, the first and second external surfaces, 325bb and 325be, of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direction off the end stop 320. the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
15 outer circumferential surface for reasons to be described. 

As illustrated in Fig. 3i. in an exemplary embodiment, the external surfaces. 
325bb, 325bc. and 325bd, of the second ends 325b of the expansion cone segments 
325 are adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular 
support member 315 is provided that includes a first end that Includes plurality of T- 
shaped slots 330b for receiving and mating with corresponding T-shaped retaining 
members 325aa of the expansion cone segments 325 and a second end that includes 
an Leaped retaining member 330c. In an exemplary embodiment, the split ring collar 
330 is a conventional split ring collar commercially available from Halliburton Enejgy 
Services modified in accordance with the teachings of the present disclosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 31 5 and Is coupled to an 
end of a resilient collet 335b having upper and tower sets off oppositely tapered 
shoulders. 335ba and 335bb. and, 335be and 335bd. respectively, that is positioned 
proximate the fourth flange 315g off the tubular support member 315. The other end of 
the collet 335b is coupled to an end of a tubular sleeve 33§c that defines a passage 
335ca. The other end of the tubular sleeve 335c Is coupled to an end of a pin 335d 
The other end of the pin 33Sd is coupled to a ring 335© that defines a passage 335ea 
for receiving the fifth flange 3H5h off the tubular support member 315. An end of a 
tubular coupling steeve 333f that defines a passage S SSfafcrre^Mnotha^ 
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support member 315 Is received within the opening 335ca of the tubular sleeve 335c 
that includes a recess 335fb for receiving the fifth flange 315h of the tubular support 
member 3115 and the ring 335e, and a radial passage 335tfc for receiving the pan 335d. 
Another end of the tubular ooupliirtg sleeve 335f includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315. a spring 335h. and a ring 3355 that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
ttrc recess 335fb. The ring 335g is positioned proximate one end of the recess 335fb, 
10 the ring 3351 is positioned proximate the fifth flange 31 §h of the tubular support 
member 315 within th© other end of the recess, and the spring 335h Is positioned 
between the rings. 

A first conventional packer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 includes a first end 340b that mates with the 

15 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c, and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first ®nd 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. Asecond 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 315 Includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventionaB sealing cup 350c, and a second end 350d that 
mates with the third flange 315e <tf the tubuJar support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tabular support member 315 and is coupled to an end 

25 of a resilient collet 355b having upper and lower sets of oppositely tapered shoulders, 
355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned proximate She 
firstflange 315b of the tubular support member315. Th© other end of She collet 355b 
is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. Th® other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for reeefving the 
second flange 31 5c of the tubular support member 31 5. An end of a tubular slteav® 
355f that defines a passage 355fa for rceceivSng th® tubular support member 315 is 
received within the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving th® secern* flange 315c of the tubular support member 315 and the 

35 ring 355®, and a radoal passage 355fc for reoelvlng the pin 355d. Another end of th® 
tubular sleeve 355f includes a passage 355fd for rec eiving the tubular support member 



15 



35 



315. a recess 355fe for rawing an end of the tubular sleeve 355c. and sealing 
members 355ff. A ring 355g that defines a passage 355g a for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 31 5 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h is positioned 
proximate the other end of the recess 355fo. 

On an exemplary embodiment, during operation of the apparatus 300 as 
illustrated in Figs. 3 and 3a-3j, the apparatus may be initially positioned in the welibore 
10 100, within the casing 1 10, with the cofiat assemblies 335 and 355 positioned En a 
neutral position in which the radial passage 315d of the tubular support member 315 Is 
not covered by the tubular steeve 355f and the expansion cone segments 325 arc not 
dnven up the tapered hexagonal portion 31 Sib of th® expansion cone support body 
31 5i of the tubular support member 31 5 into contact with the stop member 320 in this 
maimer, fluidic materials within the interior 315a of the tubular support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 110 thereby preventing over presaurfeation of the annulus. 
Furthermore, in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby permitting 
20 the apparatus 300 to be displaced within the easing 11 1 0. 

As illustrated in Figs. 4. and 4a-4d. the apparatus 300 may then be positioned 
in the tubular member 120. During the Insertion of the apparatus Into the tubular 
member 120. the upper end 1 20b of the tubular member may Impact the tapered 
shoulders. 335bb and 355bb. of the colCete, 335b and 355b. respectively, thereby 
driving the collets backward until the tapered shouldere, 335bd and 355bd of the 
colets arc position* proximate the tapered shouldera, 315ga and 3 15ba, "respectively 
of the tubular support member. As a result, the support rings. 335a and 355a the 
coltets, 335b and 355b. the tubular sleeves, 335c and 355c, the pins. 335d and 355d 
the rings. 335e and 355e, and the rings. 335g and 355g. of the cofet assemblies 335 
and 355. respectively, are driven backward, compressing the springe. 335h and 355h 
thereby appiying axial biasing forces to the tubular coupling sleeve 3357 and the tubular 
sleeve 355f. respectively. In this manner, an axial biascng force is appJIed to the split 
nng colter 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the taperod hexagonal portion 31 Sib of the 
expansion cone support body 31 Si of the tubular support member 315 into ccntaol with 
the stop mambar 320. Thus, the outside diameter of the expansion cone seaman* 
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325 is maintained In a position that is loss than the Inside diameter of the tubular 
member 120 thereby permitting the apparatus 300 to be displaced within the tubular 
member. Furthermore, In this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
31 5d in the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support member 315 may pass through the (radial passage 315d into the 
annate between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurfeation of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 
section 115a of the wellbons> section 115. beyond the towar end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop member 320, the expansion cons segments 325. the spilt ring collar 
330. the collet assembly 335, the packer cup assembly 340, the spacer 345. the packer 
cup assembly 350. and the collet assembly 355 is then positioned in the open hole 
secHon 1 15a of the wellborn section 115. beyond the lower end 120 of the tubular 
member for reasons to be described. Because the coflets, 335b and 355b, are 
resient, once the apparatus 300 has been positioned in the open hole section 1 15a of 
the wellbore section 115, beyond the lower end 120c of the tubular member 120. the 
tapered shoulders. 335ba and 355ba, of the collets may spring outwardly In the radial 
direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the [re-insertion of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may fimpact the tapered shouldere, 
335ba and 355ba, of the collets, 335b and 355b 0 respectively, thereby driving the 
collets forward until the tapered shoutdera, 335bc and 355bc, of the collets are 
positioned proximate the tapered shouldere, 315gb and 315bb, respectively, o? the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b, the tubuter sleeves. 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355©, the tubular coupling sleeve 335f, the tubular sleeve 355tf, the 
rings, 335g and 355g, and the ring 335i of the collet assemblies, 335 and 355, 
respectively, are driven forward, thereby compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 31 5d and driving the expansion cone segments 
325 up the tapered hexagonal portion 31 Sib of the expansion cone support body 31 51 
of the tubular support member 315 onto contact with the stop member 320. 

As a result, the outside diameter of the expansion cone segments 325 is rtow 
greater than the Inside diameter of expandable tubut air member 120 thereby pemtftting 
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the apparatus 300 to be used to radially expand and plastically deform the tubular 
member, and fluidic materials within the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d Into the annulus between the 
apparatus 300 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubuter 
support member 315 and/or by injecting a pressurized fluidic material Into the tubular 
support member. 

In particular, as illustrated in Figs. 5 and 5a»5d, the expandable tubular member 
120 may then be radially expanded using the apparatus 300 by Injecting a fluidic 
material 275 Into the apparatus through the passages 305a, 310a, 315a, and 320a. 
The injection of the fluidic material 275 may pressurize the Interior 1 20a of the 
expandable tubular member 120. In addition, because the packer cup assemblies, 340 
and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315, the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize fihe 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radoaly expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfaces, 325bb and 325bc. of the expansion cone segments 
325 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by the expansion cone segments 325. Furthermore. En an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of fihe surrounding portion a? the expandable tubular member 
120. in this manner, the plasfilc deformation and radial expansion of the expandable 
tubular member 1 20 Is enhanced. Furthermore, during operation of the apparatus 300 
the packer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define fihe 
length of the pressurized annular region I20aa. tn an exemplary embodiment, the 
pressurization of fihe annular region 120aa decreases 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc of fine expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 fray then continue 
5 until the upper end 1 20b of the expandable tubular member lis radially expanded and 
plastically deformed along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of She pre-existing 
10 casing 110, the resulting wellbore rasing, including the rasing 110 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore rasing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 31 5. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore section 115. 

20 In a preferred embodiment, when the upper end portion of the expandable 

tubular member 120 and the lower portion of the wellbore rasing 1 10 that overlap with 
one another are plastically defbinnnjed and radially expanded by the expansion ©one 
segments 325, the expansion oone segments are displaced out of the wellbore 100 by 
both the operating pressure within the Interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a preferred embodiment, the operating pressure and flow rat® of the flutdic 
material 275 Is controllably ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation off the expandable (tubular member 120 off of the expansion cone 

segments 325 ran be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the «nd of the 
extrusion process beginning when the expansion cone segments 325 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 

35 Alternatively, or in combination, the wall thickness off the upper end portion off 
the expandable tubular member 120 is tapered In order to gradually reduce the 
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required oparating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular 
5 support member 305 In order to absorb the shock caused by the sudden release of 
pressure. The shod? abscrtesr may comprise, for example, any ccnvsnticmal 
commercially available shock absorber, bumper sub, or jars adapted for use in wellbora 
operations. 

Alternatively, or in combination, an expansion oorte catching structure is 
10 provided In the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 31 5 sufficient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
1 5 225bc, of the expansion cone segments 325. 

Alternatively, or In combination, in order to fadDtafe the pressurizaticn of She 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the wefibore section 115 below the apparatus 300 may be 
fluididy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
305. the tubular support member 310. the tubular support member 31 5. the end stop 
320, the expansion cone segments 325, the split ring collar 330, the collet assembly 
335, the packer cup assembly 340, the spacer 345. the packer cup assembly 350, and 
the esilat assembly 355 are removed from the welSberes 100 and 115. 

Referring to Figs. 6 and 8e-Sk, an alternative embodiment of an apparatus 400 
forformlng a wellbore casing In a subterranean formate will now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 410 Is ocupted to an end off a tubuSar 
support member 415 defining an internal passage 415a that includes a first flange 
415b, a first radial passage 415c, a second radial passage 41 5d. a second flange 
41 5e. a stepped flange 415f, a third flange 41§g. a fourth flange 415h, a fifth flange 
4151. and an expansion cone body 415J. The other end off the tubular support rrambsr 
41 5 Is coupled to a tubular ami stop 420 tthat defines a passage 420a. 

As illustrated in Figs. 8e and 8f, the expansion cone support body 415} includes 
a first end 415Ja, a tapered hexagonal portion 415jb t hatindudaaaninm^^T- 
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shaped slots 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 415jc In an exemplary embodiment, the angle of 
attecCt of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Figs. 6, 6a-Qd, and 6g-6i, a plurality of expansion cores 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within corresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415jb of the expansion cone support body 415j, first 

10 external surfaces 425bb, second external surfaces 42Sbc, and third external surfaces 
425SWL Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 415jb of the expansion cone support body 41 5j. 

In an exemplary embodiment, the widths of the first external surfaces 425bb of 

15 the expansion cone segments 425 Increase In the direction of the second external 
surfaces 425bc, the widths of the second external surfaces are substantially constant, 
and the widths of the third external surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first external surfaces 425bb of the expansion cone 

20 segments 425 Gaper upwardly in the direction of the second external surfaces 425bc, 
the second external surfaces taper upwardly in the direction off the third external 
surfaoss 425bd, and the third external surfaces 425bd taper downwardly In the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 external surfaces 425blb of the expansion cone segments 425 are greater than fie 
angle of attack of the taper of the second external syrfaoes 425b& Dn an exemplary 
embodiment, the first and second external surfaces, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 external surfaces off the expansion come segments provide a substantially continuous 
outer tircumnferential surface for reasons to be described. 

As Illustrated in Fig. 6J. In an exemplary embodiment, the external surfaces, 
425bb, 425bc, and 425bd, of the second ends 425b of the expansion cone segments 
425 ana adapted to mate with one another in order to interlock adjaoent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 is provided that Includes a first end that indudes plurality of T- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the expansion cone segments 425 and a second end that Indudes 
an L-shaped retaining member 430c in an exemplary embodiment the spBt ring collar 
430 is a conventional split ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disdosure. 

A dog assembly 435 is provided that indudes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that Indudes a first end 
that indudes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a indudes a flange 43Sae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 
for recsiving the fifth flange 41511s received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a toad transfer pin 435a The opposite end of 
the load transfer pin 435e is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that indudes a recess 
435da at a first end for receiving the tubular steev® 435a, and a radial opening 435dc 
for receiving a conventional resilient dog 435a. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 4151 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 
receiving the tubular support member 415 indudes a first end 440b that mates with the 
fourth flange 415g of the tubular support member, a conventional sealing cup 440c, 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 indudes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c A 
second conventional packer cup assembly 450 that defines a passage 450a for 
receiving the tubular support member 415 indudes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c. and a second 
end 450d that mates with the stepped flange 415f of the tubular support member. 

A dog assembly 455 is provided that indudes a tubular sleeve 455a that defines 
a passage 455aa for receiving the tubuter support m2mbsr415. A first end of the 
tubular sleeve 455a indudes a radial ooenina 45Sab ft^^i^w, 



resilient dog 455b. A second end of the tubular sSeeve 455a includes a recess 455ac 
and is coupled to an end o? a load transfer pen 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the (tubular support member 41 5. A tubular steeve 455e Is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455®a for (receiving the 
' tubular support member 41 5 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 45§ga for receiving the tubular support 
member 41 5 is further received within the ireeess 455ec of the tubular sleeve 455© 

1 0 between the spring 455f and the second flange 41 5e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 455eg, and a recess 455eh that mates with the first flange 
41 5b of the tubular support member 415. 

in an exemplary embodiment, during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially positioned in the wellbore 
1 00, within the rasing 1 10, w3th the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d of the tubular support member 41 5 is 
fluedtely coupfed to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5j of the tubular support member 415 into 
contact with the stop member 320. On this manner, fluidic materials within the interior 
41 5a of the tubular support member 41 5 may pass through the radial passages, 41 5d 
and 455ed, into the annuDus between the apparatus 400 and the casing 110 thereby 
preventing over pnsssurteatton of the annulus. Furthermore, in this manner the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outsod© 

diameter off the stop member 420 thereby permitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated In Figs. 7, and 7a-7c the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular member 

30 1 20, the upper end 1 20b off the tubular member may impact the ends of the resilient 
dogs, 435o and 455b, of the dog assemblies, 435 am3 455 D respectively, thereby 
driving the resilient dogs, 435s and 455b, backwards off of and adjacent to one side of 
the (flanges, 415h and 41 5f, respectively. As a resutt of the backward axial 
displacement of the resilient dog 435®, the tubular sleeve 435d, the pin 435c the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
therabv corngpressfera the SDrinq 435f and appMne a n axial blasSna force to the tubuiar 
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steeve 435a thai prevents the expansion cone segments 425 from being displaced 
toward the end stop 420. As a result off the backwasti axial displacement of the resilient 
dog 455b. the tubular sleeve 455a, the pin 455c, the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
5 455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 41 5d and 455ed from being fluidity decoupled. 

The apparatus 400 may then be at least partfelUy positioned in the open note 
section 11 15a of the wellbore section 115, beyond the lower end 120c off the tubular 
member 1 20. In an exemplary embodiment, that portion of the apparatus 400 that 

1 0 includes the stop member 420, the expansion cone segments 425, the split ring collar 
430, the dog assembfy 435, the packer cup assembOy 440, the spacer 445, the packer 
cup assembly 450, and the dog assembiy 455 is then positioned in the open hole 
section 1 1 5a of the wellbore section 1 15, beyond the tower end 1 20 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b, of the dog 

1 5 assemblies, 435 and 455, respectively, are resilient, once the apparatus 400 has been 
positioned In the open hole section 1 15a of the wellbore section 115, beyond the tower 
end 1 20c of the tubular member 1 20, the resilient dogs, 435e and 455b, off the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partialty back within the 

20 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b, off the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs forward until the resllisnf dogs are positioned beyond and 
adjacent to the other side off the flanges, 415h and 41 5f, off the tubular support member 

25 415. 

As a result, of the forward axial displacement off the resilient dog 435e, She 
tubular sleeve 435a, the retaining ring 435b, the pin 435c, the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaced in the forward 
axial direction thereby also displacing the split ring collar 430 and the expansion cone 

30 segments 425 in the ffojward axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb off the expansion cone support 
body 415J of the tubular support member 41 5 into contact with the stop member 320. 

As a result of the forward axial displacement of fihe resilient dog 455b, the 
tubular sleeve 455a, the pin 455c, the retaining ring 455d, the tubular sleeve 455a, the 

35 spring 455f, and the ring 455g of the dog assembly 455 are driven forward in the axial 
direction SherebyftuMlcJy decoupling the radial m mm^ MM and arr** a^uhMA 



coupling the radial passages 4 1 5c and 41 5d. As a result fluldic materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 
5 outside diameter of the expansion con© segments 425 Is now greater than the insid® 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially expand and plasflcaQy deform th® tubular member, and fluldic 
materials within the interior 41 5a of the tubular support member 41 5 may no longer 
pass through the radial passages, 41 5d and 455ed, into the annulus between the 
10 apparatus 400 and the tubular member thereby permitting the interior of the apparatus 
to b© pressurized. 

The apparatus 400 may then be operated to radially (expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurised fluidic material into the tubular 

15 support member. 

In particular, as Illustrated In Figs. 8 and 8a-8d, the expandable tubular member 
120 may then be radially expanded usong the apparatus 400 by injecting a fluldic 
material 275 into the apparatus through the passages 405a, 310a, 415a, and 420a. 
The injection of the fluid fc material 275 may pressurise the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415, the Injection 
of the fiuidlc material 275 may also pressurize the annular msgion. 

The continued injection of the fHuldlc materia! 275 may then pressurize the 

25 Interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
425. Because the outer surfaces, 425bb and 425bc, the expansion cone segments 
425 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate th© expansion cone segments is {facilitated. 

30 FuTthemnora, in an exemplary embodiment, the conflniaed ejection of the fluldic 
material 275 also pressurizes the annular (region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 41 5 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the ©xpanseon cone segments 425. Furthermore, in an 

35 exemplary embodiment, the pressurizatlon of the annular region H20aa also radially 
expands at teast a portion of the surrounding portio n of th® expandable tubular member 



120. In this manner, the plastic datamation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluldic material 275 
from passing above and beyond the packer cup assemblies and thereby define «h© 
5 length of the pressurized annular region 120aa. In an exemplary embodiment tha 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
425bb and 425bc. of the expansion cone segments 425. 

The radial expanston of the expandable tubuJar member 120 may then continue 
until the upper end 120b of the expandable tubular member Is iradially expanded and 
plastically deformed along with the overlapping portion of the wellbore rasing 110. 
Because the expansion con® segments 425 may be adjustably positioned from m 
outside diameter less than the inside diameter of the expandable tubuSar member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
rasing 1 10, the resulting wellbore casing, Including the casing 1 10 and the (radially 
expanded tubular member 120, created by the opsretfon of the apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono-diaimeter 
wellbore casing. 

During the radial expansion process, the expanston cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 41 5. Dn a preferred embodiment, during the 
radial expanston process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 Is expanded In order to koep 
the tubular member stationary relative to the new wellbore section 1 1 5. 

In a preferred embodiment, when the upper end portion of the expandabte 
tubular member 120 and the lower portion of the wellbore rasing 1 10 that overlap with 
one another are pSastically deformed end radially expanded by the expanston con© 
segments 425, the expansion cone segments are displaced out of the weflbora 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred ennbodSmsnt, the operating pressure and flow rate of th© fluOdic 
material 275 Ss oonirollaWy ramped down whan the expansion cone segments 425 
reach the upper end portion off the expandable tubular member 120. In this manncsr , 
the sudden release of pressure caused by the complete radial drcpanstora and plastic 
defomrattom) of the ©xp^radablle tubular member H20 off of the expansion cone 
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segments 425 can be minimized. In a preferred embodiment, the operating pressure is 
reduced On a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion con® segments 425 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shock absorber is provided in the tubular 

support member 405 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

1 5 Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular member 120 on order to 
catch or at least decelerate the expansion cone segments 425. 

AltemaBvelly, or in combination, during «h© radial! expansion process, an upward 
axial force Is applied to the tubuter support member 415 sufficient to plastically deform 

20 and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bCp of the expansion cone segments 425. 

Alternatively, or in combination, in order to facilitate the pressurizatton of the 
interior 1120a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore section 115 below the apparatus 400 may be 

25 (fluididy sealed off In a convention manner using, for example, a packer. 

Once the radial expansion process 5s completed, the tubular support member 
405, the tubular support member 410, the tubular support member 415, the end stop 
420, the expansion cone segments 425, the split ring collar 430, the dog assembly 435, 
the packer cup assembly 440, the spacer 445, the packer cup assembly 450, and the 

30 dog assembly 455 are removed from the wellbores 100 and 1 1 5. 

Referring now to Ftgs. 9, 9a, 10 and 10a, an embodiment of an adjustabte 
expansion cone assembly 500 will be described. The assembly 500 Indudes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, aim 
expansion cone support flange assembty 505c, and an end stop 505d. The expansion 

35 cone support flange assembly 505c indudes a tubular body SOSes and a plurality of 
equally spaced apart expansion con® segment support members 505cb that extend 
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outwardly from the tubular body in the radial direction that each Include identical bases 
505cba and extensions 505cbb. The support membsra 505cb further include first 
sections 505cbc having arcuate conical miter surfaces and second sections 505cbd 
having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 510 is provided that includes a tubular 
support 510a defining a passage 51 Oaa for receiving the tubular support member 505 
and a slot 510ab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 510b extend from fth© tubular support 510a in the axial 
direction that include expansion cone segments 510fea extending therefrom In the axial 
direction. Each of the expansion cone segments 510ba farther Indud© arcuate conical 
expansion surfaces 510baa for radially expanding an expandable tubular member. 

A split ring collar 515 is provided that defines a passage 515a for receiving the 
tubular support member 505 that Includes an l-shapsd retaining rmrnbsr 515b at one 
end for mating with the slot 510ab of the tubular support 51 0a of the expansion cone 
segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 51 5c A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 51 5c of the split ring collar 515. 

During operation of the assembty 500, as illustrated in Figs. 9 and 9a, in an 
unexpended position, the expansion cone segments 510ba of the expansion con© 
segment assembly 510 are positioned adjacent to th© base of the conical section 
505cbc of the expansion cone segment support members SOScb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of th© assembDy. As Illustrated in Rgs. 10 amid 10a, the ©ssembSy 500 may 
then be expanded by dlspladng the tubular sleev© 520, th© split ring collar 515, and the 
expansion ©one segmertt assembly 510 'm th® axial (Erection towards the expansion 
cone segment support members 505cb. As a result, She expansion oon© segments 
510ba are driven up the eonfeal section 505cbc of th© expansion cone segment 
support members SOScb and then onto the cylindrical secBon 505ebd of the expansion 
cone segment support members until the expansion cone segments impact the end 
stop SOSd. In this manner, the outside diameter of the expansion segments 51 Oba Is 
greater than the maximum diameter of the remaining components of the assembly 500. 
Furthermore, the oonical outer surfaces SHObaa of th© expanston ©one segments 
51 02>a may now be used to radially expand a tubuOair membor. Note that the 
extension® 505cbb of th® expansion con®' segment support members SOScb pnovtde 
support in the circumferential direction to th® adjace nt expanston cone seamemite 
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510ba. On an exemplary embodiment, the outer conical surfaces 510baa of the 
expansion cone segments 510ba In tha expanded position of the assembly 500 provide 
a substantially continuous outer conical surfaces In the circumferential direction. 
The assembly 500 may then be returned to the unexparcded position by 

5 displacing the tubular sleeve 520, the split ring collar 515, and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are 
displaced off of the cylindrical section 505cbd and the conical section 505cbc of the 
expansion cone segment support members 505db. Because the collets 51 0b of the 

10 expansion cone segment assembly 51 0 are resiitent, the expansion segments 51 Ofra 
are thsraby returned to a position on which the outride diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining oonraponents 
of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the 

1 5 assemblies 200, 300 and/or 400. 

Referring now to Figs. 11, 11a, 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 indudes a tubmlar 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop 305a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical ouiter surfaces, and third sections 

25 605bbc having aroiate cylindrical outer surfaces for treasons to be described. 

An expansion cone segment assembly QUO Is provided that includes a tubular 
support (310a defining a passage 810®® for receiving the tubular support member SOS 
and a slot 61 Oab. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 610ba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubidar support member 605 that includes an l-shaped retaining member 615b at one 

35 end for mating with th© stot 610ab of the tubular support (310a of the expansion con© 
segment assembly 610. Another end of the spfit rin g collar 615 includes an L-shapsd 



3>3 

retaining member 615a A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that Includes a slot 620b tor receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600, as illustrated in Figs. 11 and 11a, in an 
5 unexpanded position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are (positioned on the cylindrical section 605bba, adjacent to 
the base of the conical section 605btbb ( of the expansion cone segment support 
members @05bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in FEgs. 12 

10 and 1 2©, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 61 5, and the expansion cone segment assembly 61 0 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
rosy it, the expansion cone segments 610ba are driven up the oonicaD section 605bbb 
of the expansion cone segment support members SOSbb and then onto the cylindrical 

1 5 section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the ©nd stop 605c. In this manner, the outstde diameter of the 
expansion segments 61 Oba is greater than the maximum diameter of the remaining 
components of the assembly 600. Furthermore, the conical outer surfaces S10baa of 
the expansion cone segments 61 Oba may now b© used to radially expand a tubular 

20 member* In an exemplary embodiment, the outer conical surfaces 61 Obaa of the 

expansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces In the drcumferential direction. 

The assembly 600 may then be returned to the unexpanded position by 
dispJacong the tubular sleeve 820, the split (ring collar 615, and the expansion come 

25 segment assembly 61 0 in the axial direction away torn the expansion cone segment 
support members 605bb. As a result the expansion cone segments 61 Oba are 
displaced off of the cylindrical section 605bbc and Sue conical section 605bbb and bad; 
onto the cylindrical section 605bba of the expansion cone segment support members 
605bb. Because the collets 61 0b of the expansion cone segment assembly 61 0 aire 

30 t/esilient, the expansion segments 61 Oba are thereby nstumned to a position In which the 
ouitsSde diameter of the expansion cone segments is Hess than or equal to the maximum 
dlamteter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is Incorporated into the 
assemblies 200, 300 and/or 400. 

35 Referring new to Figs. 13, 13a, 13b, 13c, 14 and 14a, am embodiments an 
adjusstebDe expansion con® assembly 700 will bs> de scribed. The assembly 700 



includes a tubular support member 705 that defines a passage 705a and includes an 
expansion con® support flange assembly 705b, and an end stop 705c. The expansion 
con® support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support members 

5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 70511* further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 

member 705 that includes a slot 7D0ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that includes a plurality of 
spaced apart and substantially identical axial slots 71 Obb. A plurality of spaced apart 
and substantially identical resilenft expansion cone segment collets 710ac extend from 

15 the first tubular support 71 Oa En the axial direction and are received within 

corresponding ones of the axial slots 71 (M> in the second tubular support 710b that 
include substantially Identical expansion cone segments 710aca extending therefrom In 
the axial direction. A plurality of spaoad apart and substantially Identical resilfent 
expansion cone segment collets 710bc extern! from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that Include substantially Identical! expansion cone segments 710bca 
extending therefrom In the axial dlmecUon. Each of the expansion come segments, 
710aca and 710bca, (further include arcuate conical expansion surfaces, 710acaa and 
710bcaa, respectively, Iter radially expanding an expandable tubular member. A 

25 plurality of pans 715a-715d couple the expansion cane segment collets 710se to the 
second tubular support 710b. 

A splld ring collar 720 Is provided that defines a passage 720a for ireosivEng the 
tubular support member 705 that includes an t-sftaped retaining member 720b at one 
end for mating with the stot 710ab of the first tubutsr support 71 0a of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 incSudes &n L- 
shaped retaining member 720c A tubular sleeve 725 Is provided that defines a 
passage 725a for receiving the tubular support member 705 that indudes a stot 725b 
for receiving the L-shaped staining member 720c off the split ring collar 720. 

During operation off the assembly 700, as illustrated h Figs. 1 3, 1 3a, 13b, and 

35 13c, in an umexpanded position, the expansion owie segments 710aca of the 
expansion cone segment assembly 7110 overlap with and are positioned over the 



expansion cone segments 71 Obca of the expansion cone segment assembly, adjacent 
to She base of the conical section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated In Ffgs. 14 
5 and 14a, the assembly 700 onay then be expanded by displacing the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 71 0 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion con© segments, 710aca and 71 Obca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

1 0 the cylindrical section 705bbc of the e^anslon can© segment support members until 
the expansion cone segments impact the end stop 705c On this manner, the outside 
diameter of the expansion segments, 71 tea and 71 Obca, is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthermore, 
the conical outer surfaces, 710acaa and 710bcaa, of the expansion cone segments, 

1 5 710aca and 710bca, respectively, may now be used to radially expand a tubuter 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
710bcaa, of the expansion cone segments, 710aes and 71 Obca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular steev© 720, the spilt ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion cone segment 
support members 705bb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off off the cylindrical section 705bbc and the conEcal section 

25 70§bbb and back onto the cyflindrical section 705bba of tfine expansion cone segment 
support members 705bb. Because the collets, 710ac and 710be, of the expansion 
cone segment assembly 710 are resilient, the expansion segments, 710aca and 
71 Obca, are theinsby returned to a position In which the outside diameter cJ the 
expansion cone segments is less than or ©qua! to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative ©mbodoments, the assembly 700 is incorporated Into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. 15 and 15a-15J, an alternative embodiment of an apparatus 
800 for forming a wellbore casing in a subterranean formation will now be described. 

35 The apparatus 800 inciudes a tubular support member SOS defining an internal 

passage 805a that is coupled to an end of a tubular oaupBng 810 defining an Internal 



3b 

passage 81 Oa. The other end of the tubular coupling 81 0 Is coupted to an and of a 
tubular support msmbsr 815 defining) an internal passage 815a having a throat 
passage 81 5aa that includes a first radial passage 815b, a Hirst flange 815c having a 
second radial passage 815d, a second flange 815® having opposite shoulders. 815ea 
and 815eb, a third flange 815?, and an expansion eone support body 81 5g. The other 
end of the tubular support member 8 1 5 Es coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 15s. the expansion cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal portion 815gb that Indudes a plurality 
of T-shaped slots 815gba provided on each of the externa! faceted surfaces of the 
tapered hexagonal portion, and a second end 81 Sgc. in an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c. and 15f-15j, a plurality of expansion cone 
segments 825 are provided that include first ends 825a that include T-shaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815g. first 
external surfaces 825bb, second external surfaces 825bc and third external surfaces 
825bd. Thus. In an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are siidabiy coupled to corresponding sides of the tapered 
hexagonal portion 815gb of She expansion cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase In the direction of the second external 
surfaces 825bc the widths off the second external surfaces are substantially constant, 
and the widths of the third external surfaces 825bd decrease In the direction of the first 
ends 825a of the expansion cone segments for [reasons to be descflbsd. In an 
exemplary embodiment, the first external surfaces 825bb of She expansion cone 
segments 825 taper upwardly in the direction of the second external surfaces 825bc, 
the second external surfaces taper upwardly In the direction of the third external 
surfaces 825bd, and the third external surfaces 825bd taper downwardly on the 
direction of the fast ends 825a of She expansion con© segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external] surfaces 825bb of the expansion cone segments 825 are greater than the 
angle of attack of the taper of th© second external surfaces 825bc. In an exemplary 
embodiment, the first and second external surfaces . @25bb and 825bc of the 



expansion cone segments 825 ar© arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to be described. 
5 As illustrated in Rg. 15i, in an exemplary embodiment the external surfaces, 

825bb, 825bc, and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

10 support member 815 Is provided that includes a first end that includes plurality of T- 
shaped sOots 830b for reosMng and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830c. In an exemplary embodiment, the split ring collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 

1 5 Services modified in accordant with the teachings of the present disclosure. 

A dog assembly 835 is provided that Includes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 81 5 and includes a stol 
835ab for receiving and mating with the l-shaped retaining member 830c of the split 
ring collar 830, a oounterbora 835ac, and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and Is coupled to a 

retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 81 5 and is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the countarbore 335ac 

25 of the tubular sleeve 835a between the flange 8157 $M the end of the countwtana. 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fo for receiving the tubular sleeve 835a, a radial 
passage 835% for receiving a conventional resilient dog 835g 0 a eounterbor® 8357c for 
raeahring and mating with the flange 81 5® of the tubular support member 815, a flange 

30 835fd, and a flange 835fe including coumterbores, 83M and 835fg, that mate with and 
receive the flange 81 5c off the tubular support member, and a radial passage ©35fh. 

A first conventional packer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f ondudes a first end 840b that mates with the flange 
835fd of the tubular sleev® 835f, a conventional sealing cup 840c, and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a for maeeMrug the tubular 
sleeve 835f includes a first end 845b that mates with the second end 840d of the first 



packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845, a 
conventional sealing cup 850c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800, as 
illustrated In Figs. 15 and 15a-15j, the apparatus may ba initially positioned in the 
wellbor© 100, within the rasing 110, with the dog assembly 835 positioned in a neutral 
position in which the radial passage 81 5d of the tubular support member 815 is fluMidy 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal pcrton 815gb of the expansion 
cone support body 81 5g of the tubular support member 815 into contact with the stop 
member 320. In this manner, fluidie materials within the interior 81 5a of the tubular 
support member 815 may pass through the radial passages, 81 5d and 835fh, into the 

15 annutus between the apparatus 800 and the rasing 1 10 thereby preventing over 

pressurizattoni of the annulus. Furtherrnore, in this manner, the outside diameter of the 
expansion cone segments 825 Is Bess than or equal to the outside diameter of She stop 
member 820 thereby permitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 1 6, and 1Sa-16c, the apparatus 800 may then be 

positioned in the tubular member 120. During the Insertion of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 theireby driving the resilient dog 835g 
badwards onto She shoulder 81 5ea of the flange 815® off the tubular support member 

25 815. As a result of the backward axial displacement of She resSlient dog 835g, the 

tubuJar slleeve 835?, the pin 835b, the retaining ring 835c, the ring 835d, and the spring 
835e of the dog assembly 835 arcs* driven badwvaotJ (thereby compressing tie spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansbn cone segments 325 from being dlsptaosd toward the end stop 820. 

30 The apparatus ®00 may then be at least partially posittoimed in the open hole 

section 1 15a of the weBboro sectfon 1 1 5, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portton of the apparatus 800 that 
Includes the stop member 820, the expansion cone segments 825, the split ring collar 
830, and the dog assembly 835 Is then positioned in the open hole section 1 15a of the 

35 wlC&ore section 1 1 5, beyond the \mm end 1 20 of the tubular member (for reasons to 
be described. Because the dog S35g of th© dog as sembly 335 is resBlant, one® the 



apparatus 800 has been positioned in the open hoi® section 1 1 5a of the wsllfoor© 
section 1 15, beyond the tower end 120c of the tubular member 120, the repliant dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the apparatus Into the tubular member 
120, the lower end 120c of the tubular member may Impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog forward until the 
resilient dog is positioned onto the shoulder 81 5eb of the flange 81 5e of the tubular 
support member 815. 

As a result of the forward axial displacement of tie resilient dog 835g, the 
tubular sleeve 835f, the spring 835©, the ring 835d, the ring 835c, the pin 835b, and the 
tubular sleeve 835a are displaced in the forward axial direction thoreby also displacing 
the split ring collar 830 and the expansfon con© segments 825 in the forward axial 
direction. As a result, the expansfon cone segments 825 are driven up the tapered 
hexagonal portion 815gb of fih® expansion cone support body 81 §g of the Subuter 
support member 81 5 into contact with the stop member 320. Furthermore, m a result 
of the forward axial displacement of the tubular sleeve B35f, the radial passages, 81 5d 
and 835fh, are fluididy decoupled. As a result fluldlc matetrtaJs within the tubular 
support member 815 may not pass into the annulus between the tubular support 
member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the inside 
diameter of expandable tubular member 120 thereby pemmltting the apparatus 800 to 
be ysed to radially expand 8or>d plastically deform the (tubular member, and flukSte 
matieriats within the Interior ©15a of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455sd, Mo the annulus between the 
apparatus 800 and the tubular member thereby permitting the Interior of the apparatus 
to be pressurized. 

The apparatus 800 may fflien be operated to radially expand and plastically 
deform the tubular member 120 by applying an upwamd ®m\ fore® to the tubular 
support member 815 and/or by injecting © pressurized) fDuEdte material Into the tubular 
support member. 

In particular, as Illustrated In Figs. 17 and 17a-17c, the expandable tubular 
member 120 may then be rad&By expanded using tte apparatus 800 by injecting a 
fluldic material 275 into the apparatus through the passages 805a. 810a, 815a, and 
820a The Injecto of the fhaidte mateirial 275 msy pressurize the Interior 120® of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa bslow the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815. the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidie material 275 may than pressurize the 
interior 120a of the expandable tubular member 120 thereby pJasticaly deforming and 
radially expanding the expandable tubular member of of the expansion cone segments 
825. Because the outer surfaces, 825bb and 825bc. of the expansion cone segments 
825 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of th© expandable tubufer member 1 20 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by She packer cup assembly 
840 and on the lower end by th© expansion cone segments 825. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portion of the expandable tubular member 
120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressairized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformation snd radial expansion of the expandable tubular member 1 20 by 
as much as 50% and also reduces th© angle of attack of th© tapered external surfaces, 
825bb and 825bc, of th© expansion cone segments 825. 

The radial expansion of th® expandable tubular member 120 may then continue 
until th© upper end 120b of the expandable tubular member Is radially expanded and 
ptesBcallly deformed along with the overlapping portion of She wellbore casing 110. 
Because the expansion cone segments 825 may b® adjustably positioned from an 
outside diameter less than the Inside diameter of the expandable tubular member 120 
to an ouSsId® diameter substantially equal to th© insld® diameter of the pre-existing 
casing 1 10, th® resulting wellbore casing, Including the casing 1 10 and the radially 
expanded tubular member 1 20, created by th© operation of the apparatus 800 may 
have a single substantially constant insld® diameter thereby providing a monc-dSameter 
wellbore casing. 
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During the radial expansion process, the expansion cone segments 825 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 815. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised sit 
approximately the same rate as the tubular member 120 Is expanded in orter to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a preferred embedment, when the upper end portion of the expandable 
tubular member 120 and the tower portion of the wellbore casing 1 10 that overiap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 825, the expansion cone segments are displaced out of the wellbor® 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure* caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 120 off? of the expansion cone 
segments 825 can be minimlized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion off 
the expandable tubular member 120 Is tapered In order to gradually reduce the 
tequired operating pressure for plastically deforming and radially expanding She upper 
end portion of the tubular member. In this manner, shock toading of the apparatus is at 
least reduced. 

Alternatively, or in eombination, a shock absorber is provided in the tubular 
support member 305 in cmder to absorb the shock caused by the sudden rolease off 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for us® in wellbore 
operations. 

Alternatively, or In combustion, an expansion oone catching structure is 
provided in the upper end portion of the expandable tabular member 120 In orier to 
catch or at least decelerate the expansion cone segments 825. 

Alternatively, or in combination, during th© radial expansion process, ®n upward 
axial fore© is applied to the tubular support member 8 1 5 sufficient to pjjagHgjlty deform 



and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc, of the expansion con© segments 825. 

Alternatively, or in combination, in order to facilitate Una pressurizatton of the 
Interior 1 20a of the expandable tubular member by the injection of the fluldic materials 
275, the region within She wellbore section 115 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
805. the tubular support member 810, the tubular support member 815, the end stop 
820. the expansion cone segments 825. the spilt ring collar 830. the dog assembly 835, 
the packer cup assembly 840. the spacer 845. and the packer cup assembly 850 are 
removed from the wellbores 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the Uhfoat 815aa of the passage 815a of the tubular support member 815. 
The continued injection of the fluldic material 275 following th® placement of the ball 
280 in the throat 81 5aa of th® passage 81 5a of the tubidar support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the counterbore 
835fg. As a result of She pressurization of the annular portion 835fga of the 
counterbore 835fg, the tubular sleeve 835f, the pin 835b, She retaining ring 835c, the 
ring 835d, the spring 835e, and the tubular sleeve 835a of the dog assembly 835, and 
the split ring ooter 830 aire driven backward thereby displacing the expansion cone 
segmenfls 825 backwards in the axial direction away from th® end stop 820. In this 
manner, the outside diameter of the expansion con© segments 825 Is thereby reduced 
and the apparatus 800 may then be removed from the expandable tubular member 
120. 

Referring now to Figs. 1 8a, 18b, 18c, and 18d, an embodiment of an adjustable 
expansion cone assembly BOO will be described. The assembly 900 includes a tubular 
support member 905 that defines a passage 805a and Includes an expansion cone 
support flange assembly 905b that Is coupled to an end stop 9110 that defines a 
passage 910a. Th® expansion cone support flange assembly 905b includes a first 
tubular end &05ba, a second tubular end 905bb, and an intermedtata hexagonal 
conical tubular body 905bc that Includes a plurality of substantially Identical and equalry 
spaced apart expansion cone segment support slots g05bcaa-905beaf on each of th® 
facets of the hexagonal tubular body. 

A plurality of first expansion ©one segments ©15a-915c are provided that 
Include T-shaped retaining members 915aa-915ca that mate with and are movably 



received within the T-shaped slots 805bcaa, 905bcac, and 905bcae of th® hexagonal 
conical tubular body 805bc of th® expansion con® support assembly 905b, T-shaped 
retaining members 915a5>915cb, exterior top surfaces 91580-91506, exterior top 
surfaces 915ad-915cd, exterior top surfaces 915ae-915oe, exterior top surfaces 915af- 
5 915cf f and exterior top surfaces 01 5afi-0i5cg. In an exemplary embodiment, the 
exterior top surfaces 915ao815cc and the ©xtertor top surfaces 915ad°915cd ana 
arcuate conical surfaces in which the angle cti attack of the exterior top surfaces 91 Sao- 
911 See is greater than the angle of attack of the exteriotr Sop surfaces 915ad-915cd. 

A plurality of second expansion cone segments 920a-920c, that are interleaved 

1 0 with and complementary shaped to the first expansion ©one segments 91 5a-91 5c, are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are movably received wtthh the T-shaped stets 905bcab, 905bcad, and 905bcaf of 
the hexagonal conceal tubular body 905bc of the expsmion cone support assembly 
905b, T-shaped retaining members 920ab>920cb, exterior top surfaces 92Qac-92Gcc, 

1 5 exterior top surfaces 920ad-920cd, exterior top surfaces 920ae-820oe, exterior top 
surfaces 920af-920cf, and exterior top surfaces 920agh920cgj. Dn an exemplary 
embodiment, the exterior top surfaces 920ao-920c@ and the exterior top surfaces 
920ad-920cd are arcuate conical surfaces in which the angle of attack of the exterior 
top surfaces 920ac°92Qcc is greater than the angle off attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support member 805 that Includes an l-ahaped retaining member 925b at one 
end and another end off the split ring collar 925 Includes T-shaped slots, 925e„ 925d, 
925®, 925f, 925g f and 925fo fl for mating with and receiving the T-shaped retaining 

25 members, 915ab, 92Qab, 91 5bb, 920bb, 915cb, and 920cb. <tf th® expansion cone 

segments, 915a, 920a f 815b, 920b, 915c, and 92)0, {respectively. A tubular sleeve 930 
is provided that defines m passage 930a for rac®lvlng She tubular support member 905 
and that also includes a slot 930b for receiving and) mating with th® L-shaped retaining 
member 925b of the split ring collar 925. 

30 During operation of the assembly 800, as illustrated in Ftgs. 1@a, 18b, H8c, and 

18d, in an wnexpanded position, the expansion cone segments, 915a, 915b, 915c, 
91 5d, 920a, 920b, 920c, and 920d are positioned! adjacent to the base of the 
hexagonal conical tubular body 905bc off th© expansion con® support flange 805b away 
from the end stop 910. In (Ms manner, the outside diameter of the expansion cone 

35 segments lis less than or equal to the maximum outstd© diameter of the assembly. 
Furthermore, in the unexpended position, the expansion cone segments, 915a, 9115b, 



and 915c are positioned further away from the end stop 910 than the expansion cone 
segments, 920a. 920b. and 920a 

As illustrated in Figs. 19 and 19a, the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring coOsr 925 in the axial direction 
towards the expansion cone segment support members 705bb. As a result, the 
expansion cone segments, 915a, 915b. 915c. 920a. 920b, 920c, are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a. 915b, 915c. 920a. 920b. and 920c. is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthermore, the conical outer surfaces. 915ac. 915bc, 915cc. 920ac 920bc, and 
920cc, and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c 920a. 920b, and 920c, 
respectively, may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces. 915ac. 915bc, 915cc. 920ac 920bc and 
920cc and the conical outer surfaces. 915ad. 915bd, 915cd, 920ad, 920bd, and 920cd 
of the expansion cone segments, 915a, 915b, 915c. 920a, 920b. and 920a 
respectively, in the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the circumferential direction. Furthermore, note 
that in the expanded position of She assembly 900. the first set of expansion cone 
segments. 915a. 915b, and 915c. are brought into alignment with the second set of 
expansion cone segments, 920a, 920b, and 920c. 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleav© 930 and the spilt ring collar 925 in the axial direction away 
from the end stop 910. As a result, the expansion cone segments. 915a„ 915b, 915c 
920a, 920b, and 920c are displaced away from the end top 91 0. down the conical 
hexagonal tubular member 805bc and thereby are returned to a position in which the 
outside diameter of the expansion cone segments is less (than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

In several alternative embodiments, the assembly 900 is incorporated Into the 
assemblies 200, 300, 400, and 600. 

Referring to Fig. 20a, an embodiment of an expansion cone segment assembly 
1000 Includes interlocking expansion cone segments, 1000a, 1000b, 1000c, 1C00d. 
1000a, andlOOOf. 



Referring to Fig. 20b, an embodiment of an expansion cone segment assembly 
1100 includes interlocking expansion cone segments, 1100a t 1100b, 1100c, 110Cd, 
1100e. and1100f. 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly 
1200 includes interlocking expansion am® segments, 1200a, 1200b, 1200c, 1200d, 
1200e, and 1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 includes interlocking expansion cone segments, 1300a, 1300b, 1300c, 1300d, 
1300e, and1300f. 

Referring to Fig. 20e, an embodiment off an expansion cone segment assembly 
1400 includes interlocking expansion cone segments, 1400a, 1400b, 1400c, 1400d. 
14O0e,and14C0f. 

Referring to Fig. 20f p an embodiment of an expansion cone segment assembly 
1500 Includes interlocking expansion cone segments, 1500a, 1500b, 1500c, 1500d, 
1500e, and1500f. 

Referring to Fig. 2Qg, an embodiment of an expansion cone segment assembly 
1600 includes interlocking expansion cone segments. 1800a, 1600b, 1600c f 1600d, 
16006, and 1600f. 

Referring to Fig. 205D, an embodiment of an expansion cone segment assembly 
1700 includes Interlocking expansion cone segments, 1700a, 1700b, 1700c, 1700d, 
1700a, and1700f. 

Referring to Fig. 20i, an embodiment off an ©)^psmsion cone segment assembJy 
1800 includes interlocking expansfon cone segments, 1800a, 1800b, 1800c, 1800d, 
1800e, and1800f. 

Refemng to Fig. 20J, an embodiment of an expansion cone segment assembOy 
1900 includes Interlocking expansion com segments, 11 SCO®, 1©00b, 1800c, ISOOd, 
1S00s, and1S00f. 

Referring to Fig. 20k, an embodiment of an expansion cone segment assembly 
2000 includes interlocking expansion cone segments,, 2000a, 2000b, 2000c, 2000d, 
2000s, and 20007. 

Referring to Fig. 201, an embodiment of an expansion con© segment assembly 
2100 mcludes Interlocking expansion cone segments, 2100a, 210QS), 2100c, 2100d, 
2100a, and 21007. 

Referring to Fig. 20m, an embodiment off an ©xpension cone segment assembly 
2200 includes interlocking expansion cone segments,, 2200a, 2200b, 2200c, 2200d, 
22G0e, and 2200?. 



The expansion con® segment assemblies 1000, 1100, 1200, 1300, 1400, 1500, 
1600, 1700, 1800, 1900, 2000, 2100, and 2200 provide enhanced operational 
properties such as, for example, efficient radial expansion of expandable tubular 
members and durability during operation. 

5 In several alternative embodiments, the design and operational features of the 

apparatus 200, 300, 400. 500, 600, 700, 800, 900, 1000, 1 100, 1200, 1300, 1400, 
1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 may be mmWned, in whole or in 
part, and/or the design and operational elements o? the apparatus 200, 300, 400, 500, 
600, 700 P 800, 800, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900. 

10 2000, 2100, and 2200 may be interspersed among each oBw. 

In several alternative embodiments, the apparatus 200, 300, 400, 500, 600, 
700, 800, 900, and 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800. 1900, 
2000, 2100, and 2200 may be used to form or repair weibora casings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200, 300, 400, 500, 600, 

700. 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion ©one support body that may, far example, 
be conical, or may be a multl-stded body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 
1700, 1800, 1800, 2000, 2100, and 2200 are provided substantially as disclosed! in one 
or more of the foKorcnng: (1) U.S. patend application serial no. 09/454,139. attorney 
docftet no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/510,913, attorney docket no. 257917.02, filed on 2/23/2000, (3) U.S. patent 

application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2Q0O, 
(4) U.S. patent appltcaMcn serial no. 09/440,338, attorney docket no. 25791 .9.02, filed 
on 1 1/1 5/1 999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 
25791 .1 1.02, filed on 3/10/2000, (8) U.S. patent application serial no. 09/512,895. 

30 attorney docket no. 25791 .1 2.02, filed on 2/24/2000, (7) U.S. patent applicators serial 
no. 09/511,9411, attorney docket no. 25791.18.02, filed on 2/24/2000, (8) U.S. patent 
application serial no. 09/588,946, attorney docket no. 25791. 17.02, filed on 6/7/2000, 
(9) U.S. patent application serlfi3 no. 09/559,122, attorney docket no. 25791 .23.02, filed 
on 4/26/200O, (10) PCT patent application serial no. PCT/US00/18635, attorney docket 

35 no. 25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,871, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 



patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 

5 provisional patent application serial no. 60/159.033, attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212.359, attorney 
docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional patent application serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisional patent application serial no. 60/221,443. attorney docket no. 25791.45, filed 

10 on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221 ,645, attorney 
docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional patent appOcation serial 
no. 60/233,638, attorney docket no. 25791 .47. filed on 9/1 8/2000, (21 ) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 

15 docket no. 25791 .50, filed on 2/20/2001; and (23) U.S. provisional patent application 
serial no. 60/262,434, attorney docket no. 25791 .51. filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259,486, attorney docket no. 25791.52, filed 
on 1/3/2001, the disclosures of which are incorporated herein by reference. 

Although illustrative embodiments of the invention have been shown and 

20 described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. Accordingly, it is appropriate that the appended claims be 
construed broadly. 



4* 

Claims 

1 . A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movably coupled to the tubular support member, and an actuator 
movably coupled to the tubular support member for adjusting the adjustable expansion 
device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
inserting the apparatus into the first end of the expandable tubular member in a 
first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
first direction; 

applying a resilient biasing force to the adjustable expansion device in the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expandable tubular member. 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member In the 
second direction. 

2. The method of claim 1, wherein displacing the actuator of the apparatus in the 

second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

3. The method of claim 1, wherein displacing the actuator and the adjustable 
expansion device relative to the expandable tubular member in the first direction 
comprises: 

impacting the actuator with the second end of the expandable tubular member. 

4. The method of claim 1 . wherein moving the adjustable expansion device through 
the expandable tubular member comprises: 

pulling the adjustable expansion device through the expandable tubular 



member. 

5. The method of claim 1 , further comprising: 

fluidicly sealing the interface between the tubular support member of the 
5 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plastically deforming and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device movably coupled to the tubular support 
member, 

1 5 actuating means for actuating the adjustable expansion device; 

means for displacing the actuating means of the apparatus In a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansbn device 
20 by displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

7. The apparatus of claim 6, wherein the means for displacing the actuating means 
of the apparatus In the first direction comprises: 

25 means for impacting the actuating means. 

8. The apparatus of claim 6, wherein the means for displacing the actuating means 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means for Impacting the actuating means. * 
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